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The carcinoeInbryonic antigen (CEA) faInily com-
prises a group of glycoproteins including the classical 
CEA, nonspecific cross-reacting antigens (NCA), and 
biliary glycoprotein (BGP). CEA glycoproteins have 
been identified in many glandular and mucosal tis-
sues . In view of their putative role in cell adhesion, 
protein sorting, and signal transduction, CEA glyco-
proteins are thought to be involved in eInbryogene-
sis, architectnal integrity, and secretory Inechanisms 
of glandular epithelia. Since there are few data avail-
able on the expression of CEA-like proteins in hUInan 
skin, the aiIn of this study was to iInInunohistocheIni-
cally specify and localize the CEA glycoproteins in 
cutaneous adult and fetal glands llsing a panel of 
well-characterized antibodies . The secretory parts of 
eccrine sweat glands expressed CEA, NCA-90, and 
BGP, whereas apocrine glands reInained unreactive 
C arcin ocmbryonic antigcn (CEA) and a number of glycoproteins relatcd to CEA havc been dem on-strated in normal o r neoplastic epithc lia o f th e gut, liver, lung, brcast, and othcr tissucs [1 ,2]. These glycoproteins were identificd as products of a com-
plex gene family that cncodes the class ical 180-kDa CEA, th e 
160-kDa biljary glycoprotcin (BGP) , and the non specific cross-
rea ctin g antigens (N C A) of 95 IcDa (NC A-95) and 90 kDa (NCA-
90) [1,3,4] . Thc CEA g lycoproteins and thcir splicc val;ants differ in 
sizc, numbcI· of immunoglobulin domains , posttranslational modi-
fication, membrane anchorage, and glycosylation [3]. 
CEA glycoprotcins arc members of the immunoglobulin super-
gene family that playa key ro le in ccll adhesion and celJ surface 
recognition [5] . T hey possess homo- and hcterophilic cell adhesion 
functions [6-1 0]. Expression of CEA glycop ro teins is correlated 
with differentiation and architecture of epitheli a LInder normal and 
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for CEA glycoproteins . The ductal epithelia of both 
eccrine and apocrine glands contained CEA and 
NCA-90. Sebaceous glands were stained for BGP 
only. Electron Inicroscopy of sweat glands showed 
CEA glycoprotein expression in cytoplasInic or-
ganelles and on Inicrovilli lining the ductal surface. 
In sebaceous glands, BGP were deInonstrated in 
sInall vesicles and along the cell IneInbranes of dif-
ferentiating sebocytes. Fetal developInent of cutane-
OllS glands was associated with early expression of 
CEA glycoproteins. Additionally, Inice transgenic for 
hUInan CEA were shown to express CEA in sweat 
glands. The overall distribution ofCEA glycoproteins 
in cutaneous glands was consistent with that in epi-
thelia of other glandular tissues. Key lVoyds: tl'allsgell;C 
"'ice/eEA/slVeat glands/sebaceolls glands. ] Invest Deytllato/ 
106:64-69, 1996 
neoplastic conditions [2] . Furthermore, NCA has recently been 
identified as a carrier protein for Lew is X antigen on the cell surface 
of leucocytes responsible for binding to E-selectin expressed on 
vascular endothelia [11]. rndependentl y, in the colon, specific 
binding ofCEA to bactel;a was demonstrated, suggesting a fun ction 
as a colonization factor for micro bial Aora [1 2-14] . 
CEA glycoprotcins with a glycosyl phosphatidylinositol (GPI) 
moiety (i .e. , CEA, NCA-90, and NCA-95) p laya putative role in 
protein sorting and secretory mechanisms [3]. BGP is an integral 
membran e protein with a cytoplasmic domain that has been 
repor ted to be phosphorylated and thus may be involved in signal 
transduction and intcraction with the cytoskeleton ([7,15] , Briim-
mer ef nl, submitted). 
[n the skin , human sweat glands have been shown to stain with 
antibodies to CEA [16-19] . It is as yet not clea r, however, which of 
the members of th e CEA family are expressed in glandular struC-
tures of th e skin. Thus, tbe aim of this study was to specify and 
loca lize the glycoproteins of the CEA gene family in skin glands of 
both fetal and adu lt human skin . For further substantiation of the 
results, skin glands of transgenic mice that cxpress human CEA 
wcre investiga ted . 
MATER.IALS AND METH ODS 
Tissuc Proccssing Samples of norm al human skin (n = 40) were 
o bta ined fi:olll various bod y sites including palmoplan tar, axillary and 
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Table I. List of Antibodies Used for 
Immunohistochemical Staining" 
CEA NCA-90 NCA-95 BGP 
26/3/13 [23 ,24] + 
26/5/1 [23 ,24] + 
cT84.66 [25] + 
4/3/17 [23,24] + + 
N1 [23,24] + 
9A6 [23,24] + 
80H3 [23,24] + 
401 C2 [26] + 
VL4/6F" + 
Polyclonal antibody [23 ,27] + + + + 
d Specificity of the antibodies (+ , reactive. - . unreactive) as determined previously 
([21,22); see table ror additional rererences). 
b Janrscheff <I ai, submitted. 
inguinal areas, prepuce, face, extrelmtles, aild trunk of both female and 
male patients undergoing surgery and aging from 3 to 75 y (mean: 35 y). 
The specimens were partly cryofixed in liquid nitrogen, partly fixed in 7% 
buffered paraformaldehyde, dehydrated, and embedded in paraffin. Samples 
of fetal skin from palmar and the trunk obtained from five fetuses after 
spontaneous abortion at gestational week 4, 8, 12, or 21 were routinely 
embedded in parallin. 
Skin samples from the footpads and the abdomen of transgenic mice that 
expressed the classical human CEA in the gastrointestinal tract and lung 
were cryofLXcd . Transgenic mice were generated using a 33-kb cosmid 
clone containing the complete human CEA gene and regulatory flanking 
sequences as previously described [20]. 
For immunoelectron microscopy, six specimens from human skin (two 
biopsies from each palmar, axiUae, and trunk) were fixed in a mixture of 4% 
paraformaldehyde and 0.5% glutaraldehyde in phosphate-bullered (0 .0] M, 
pH 7.4) isotonic saline (PBS) for 4 h. After rinsing steps in PBS the 
specimens were dehydrated in ethanol, embedded in LR-White (London 
Resin Compo Ltd ., Woking U.K.) and polymerized at 60°C. 
Intmunohistochemistry 
Ligltt Microscop)': A panel of monoclonal and polyclonal antibodies specific 
for dillerent members of the CEA family were used (Table I). The 
monoclonal antibodies 26/3/13, 26/5/1, 4/3/17, Nl, 9A6, and 80H3 were 
raised using proteins synthesized by transfectants of individual CEA-related 
cDNAs [23 ,24]. The binding of single chain Fv (scFv) CEA-VL4/6F, a light 
chain shuffled outcome of parental scFv CEA5-2B10 [28] as determined 
using antibody 9E'1 0 [29] against the C-III)'C peptide of scFv (kindly provided 
by M.J. Embleton, University of Manchester , UK) was characterized to be 
BGP-specific Uantscheff P, submitted). Production of the BGP-specific 
monoclona l antibody 401 C2 has been published [26]. For detection of 
human CEA expressed in transgenic mice. a chimeric monoclonal antibody 
cT84.66 was applied [25] to avoid interference with endogeneous mouse 
immunoglobulins, because an anti-human immunglobulin antibbdy could 
be used to detect the primary chimeric antibody [20] . 
The specificity of the antibodies was detemlined against stable transfec-
tant clones expressing individual members of the CEA gene family [24] or 
according to an international comparative study [21 ,22]. The character-
ization of the polyclonal antibody purchased by Oako (Glos-
trup, Belgium) has been reported [23,27J . 
Deparaffmized paraffin-embedded sections and cryosections were 
mounted on Tissue-Tck (Mikrol11, Walldorf, Germany), washed in 1% 
meth;inolic hydrogen perox.ide , PBS rinsed, preincubated with 2% bovine 
serum albumin for 30 min , and incubated with the primary antibodies 
diluted in 1 'X, bovine serum albumin for 2 h at room temperature (dilutions: 
26/5/1.4/3/ '17, N1 , and the polyclonal antibody, 1 :400; 26/3/13 and 9A6. 
1:1000; 80H3, 1:25; VL4/6F, 1:2; 401 C2. 1 :60; cT84.66, 1:50). The 
sections were developed by an indirect immunoperoxidase technique using 
the following reagents: phosphate-buffered (0.01 M , pH 7.4) isotonic saline. 
peroxidase-conjugated goat anti-mollse and rabbit antibodies (dilution: 
1:50, Dianova, Hamburg, German y), 0.01 'X, hydrogen peroxide, 3-amino-
9-ethylcarbazole (Sigma C hemica l Co., St. Louis, MO) . Binding of the 
anti- c-lII),c 9El0 (dilution: 1 :4) to the single chain antibody VL4/6F "vas 
visualized by the goat anti-mouse antibody. Incubation of the sections of the 
mouse skin with the chimeric antibody cT84.66 was followed by a 
peroxidase-col1iugated rabbit anti-human IgG antibody (dilution: 1 :40, 
Dianova). 
To avoid nonspecific stailling by endogcneous peroxidase activity and to 
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Table II. Distribution pattern of the glycoproteins of the 
CEA gene family in human adult skin glands. n 
CEA 
NCA-90 
NCA-95 
BGP 
Eccrine 
Sweat Gland 
Secretory 
Portion Duct 
+ 
+ 
+ 
+ 
+ 
Apocrine 
Sweat Gland 
Secretory 
Portion Duct 
+ 
+ 
Sebaceous 
Gland 
Differentiated 
Epithelia 
+ 
;, Immunohistochemical results o n cryofixcd and paraffin emhedded sectiollll. 
+. staining, - I 11 0 staining. 
staili more precisely, a colloidal gold/silver enhancement technique was 
performed [30]. J3riefly , incubation of the primary antibody was followed by 
rinsing and mounting of the sections with a 1-nm gold-labeled goa t 
anti-mouse antibody that was visualized by a commercially available silver 
enhancement assay (Biotrend. Cologne. Germany). 
Counterstaining was performed with Harris 's hematoxylin (Merck, Ger-
many). 
Eleclroll Microscop)': Imll1unoelectron microscopy was perfonned applying 
the polyclonal antibody and the monoclonal antibody 26/ 3/13 that showed 
reactivity with the methacrylate embedded tissucs. Ultrathin sections were 
mounted on uncoated copper grids. Preincubation witll milipore filtered 4% 
ovalbumin for 10 min was followed by overnight incubation with the 
primary antibodies (po lyclonal antibody from Dako diluted 1 :200 in PBS, 
and monoclonal antibody 26/3/13 diluted 1:500 ill PBS). The grids were 
then thoroughly rinsed in PBS. Primary antibodies were visualized with a 
protcin-A gold (pAG) technique [31] using 15-nm gold particles (Biotrend) 
diluted 1 :50 in PJ3S . After final PBS rinsing and short air drying, the sections 
were counterstained with uranyl acetate and subsequently examined in a 
Philips CM 10 electron microscope. 
COI /lrols: Preabsorption of the primary antibodies witl1 eitl, er purified CEA 
(Biodesign, Kennebunkport, ME), spleen or liver extracts (Sigma) that were 
rich in glycoproteins of the CEA gene f:1I11ily as identified by Western blot 
analyses (data not shown) resulted in blocking or strong diminution of the 
immunohistochemical sta ining. Additionall)" primary antisera were omitted 
or replaced with unrelated isotype matched monoclonal antibodies (Di-
anova, Hamburg, Germany). The specificity of thc immunogold labeling 
was assessed by application of pAG alone and by incubation with nonlabelcd 
protein A befo re staining with pAG. Skin biopsies fi'om nontransgenic 
siblings served as controls to rul e out cross-reactivity of the antibody raised 
aga inst human CEA glycoproteins with rodent CEA glycoproteins, which 
have been proven to be unrelated to their human counterparts at genetica l 
and protein chemical level [3] . 
RESULTS 
Demonstration ofCEA Glycoproteins in Adult Human Skin 
Table II presents the d.istribution of CEA glycoproteins in adult 
human skin. Secretory e pithelia of eccrine glands expressed CEA 
(antibodies 26/3/13, 26/5/1, and 413117), NCA-90 (antibodies 
N1 and 9A6), and BGP (antibodies 4/3/17, 4D1 C2, and VL4/6F), 
whereas den1131 and intraepidermal portions of sweat du cts showed 
staining for CEA and NCA-90, but not for BGP (Fig 1 a-d). 
Staining for NCA-95 (antibody SOH3) was n e ithe r d etectable in the 
secretory portions nor in the ducts of eccrine sweat glands. T h e 
polyclonal antibody reactive for all CEA glycoproteins showed 
cytoplasmic staining of serous and mucous cells of eccrine glands 
and of the epithelial cells of the ducts and the acrosyringium (Fig 
111). BGP was detectable only in scrous cells (Fig 1c), whereas CEA 
(Fig 1a.) and NCA-90 were expressed in both serous an d mucou s 
cells. With monoclonal antibodies, a preferential luminal distribu-
tion along the surface of the 'interc3naticuli and ducts was evident 
(Fig 1a). Expression of BGP was most accentuated on the lateral 
cell membranes between serous cell s (Fig 1c). Additionally. amor-
phous mate rial within the lumina of the ducts was strongly labe led 
for CEA and NCA-90 . Immunope ro:\.-idase staining was confirmed 
by application of the silver e nhan cem e nt d etection sys tem (Fig 1a). 
Subsequent iml11unostaining of serial sections demonstrate d co-
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Figure 1. CEA glycoproteins are 
detectable in sweat and seba-
ceous glands of human adult 
skin. Iml11unostaining using silver 
enhancemcnt (a,1f) and peroxidase 
sta.ining (b, c). a) CEA is expressed 
alon g intercanali culi (alTow/,earis) and 
luminal surface of sec retory parts (5) 
and ducts (D) of eccrine glands. Dis-
tinct cytoplasmic reactivity (arrows) in 
serous and mucous ce ll s. 26/5/1 an-
tibody. b) The polyclonal antibody 
recognizes CEA and NCA-90 in the 
duct of an apocrine gland o pening 
into thc hair follicle (nlTOW) and ill 
eccrine glands (E) as well as BGP in 
sebaceous glands (S). Secretory parts 
of apocrine glands (A) are not la-
beled. c) Serous cell s of eccrine glands 
express BGP most accentuated along 
the interce llular membran es as visllal-
ized by the V1A/6F antibody (nlTOIII-
heads). Ducts (D) arc unreactive fo r 
BGP. d) . Differentiating sebocytcs (ar-
m"'heads) of sebaceOliS glands arc 
stained for BGP by the 4D1 C2 znti-
body. Sweat ducts are unreactive for 
BGP (anvil'). 
expressio n of CEA, NCA-90, and BGP within the individual 
epithelial cells. No variation of staining co uld be observed in the 
specimens with regard to body sites and age of the patients. 
Secretory epithe lia of apocrine glands £i'om the axillae, groin, and 
ectopic locations as found in two biopsies from the face w ere no t 
stained for CEA glycoprote ins. However, sweat ducts of apocrine 
glands anatomically de fined by opening into the hair follicl es 
revealed staining for CEA and NCA-90, but not for BGP (Fig 1/1). 
Sebaceous glands from all body sites shared reactivity for anti-
bodies recognizing BGP (i.e . the polyclollal antibody (Fig 1b) and 
the monoclonal antibodies 4/3/17, scFv CEA-VL4/6F, and 4Dl 
C2) . Silver enhancem ent staining confirmed cytoplasm ic labeling 
of djfferentiating sebocytes, sparing the lipid vacuoles. Undifferen-
tiated sebocytes in the periphery of the glandular lobules devoid of 
lipid vacuoles as w ell as epjtheli ~ of the sebaceous ducts were not 
stained (Fig td). 
Normal epidermis, hair follicles, blood vessels, and other cuta-
neous structures were not recogn ized by any of tbe antibodies. 
Granulocytes present in blood vessels showed immunoreactivity for 
antibodies specific for NCA-90, NCA-95, and BGP . In general , 
congruent results were obtained in both paraffin-embedded and 
cryofixed material. 
Demonstration of CEA Glycoproteins in Fetal Skin In 
human feta l skin of gestational week 12 reactivity for CEA glyco-
proteins was dem onstra ted in the ectode rmal cells throughout the 
solid buds that g row down into the m esenchym e as primordial 
sweat g lands (Fig 2a) . Du6ng the formation of the sweat ducts in 
weck 21 CEA glycoproteins w ere detectable alo ng intracytoplasmic 
vacuoles. Subsequent fu sion of these vacuoles resul ted in formation 
of ducta l lumina highly reactive for CEA glycoproteins (Fig 2b). 
Undifferentiated epithelia of the secretory coils of sweat glands on ly 
sporadically exhibited diffuse cytopl asmic staining for CEA glyco-
proteins, including reactivity for BGP. First apical labeling was 
correlatcd with formation of lumina in the 21st week (Fig 2c) . In 
genera l, the devcloping sweat glands were characterized by reac-
tivity wjth the sam e antibodies as in adu lts. 
In contrast, undifferentiated scbaceous g lands djd not stain with 
any of the antibodies tested (Fig 2d). However, at week 21 of 
gestation m ature sebocytes with vacuo lated cytopla sm appeared to 
express J3GP, but not CEA or NCA-90 . 
Moreover, ill week 8 and 12 the cell m embranes of peridermal 
cells w ere strongly labe led by the polyclonal antibody, and to a 
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weakcr extent by tbe monoclonal antibodies (Fig 2a). In later 
stages of development differcntiating keratinocytes of corni fYing 
epidcrmis did not react with any of the antibodies used. 
Human CEA Is Expressed in the Skin of Transgenic Mice 
Skin samples of thc abdomen and the footpad were incubated with 
the chimeric antibody cT84.66 specific for human CEA . Reactivi ty 
was only found ill ductal epithe lia, but no t in the terminal parts of 
the swea t glands (Fig 3a) . Sebaceous glands were not stain ed by the 
antibodies. Nontransgenic littennates that served as control for the 
chim cric antibody cT84.66 did no t show reactivity (Fig 3b) . The 
polyclonal antibody stained ductal and secrctory epithe lia of the 
sweat glands in both transgenic and no ntran sgenjc siblings, since 
thjs antibody was fo und to partial ly recognize CEA glycoproteins of 
rodent origin (unpublished results). 
Ultrastructural Localization of CEA Glycoproteins in Skin 
Glands In eccrine glands a postembedding immunogold tech-
nique demonstrated binding of the polycl o nal antibody and the 
m o noclo nal 26/3/13 antibody in the rough endoplasmic reticulum 
and the Go lgi apparatus of all secreto ry cells (Fig 4a,b) . Addition-
ally, stro ng sta ining was detectable within sm all vesicles in the 
cytoplasm and along the apical parts o f the intercellular m embranes 
(Fig 4c). 
The epithelia of the sweat ducts also rcveaJed vesicles reactive for 
CEA glycoproteins in cluding staining of the mu ltives icular bodies 
in the intraepidermal portio n (Fig 5) . T he poo rly developed 
endo plasmi c reticulum and Golgi apparatus of the ductal epithelia 
werc only occasionally labeled. 
Signjflcant staining was dem onstrable along the surface of the 
mi crov i1li outlining the lumina of intercanaLiculi and the sweat 
ducts (Figs 4d, 5) . 1n contrast, the smooth cell surface w ithout 
microvi1li was unreactive irrespective of secretory or ducta l origin 
of th c epithe lia (Fig 4d) . Additionally, amorphous matet"ial in the 
du ctal lumina was associated with strong labeling (Figs 4d, Sa) . 
Furthermore, the ducts of apocrine glands revealed staining o f the 
endoplasmic reticuJul11, vesicles, and luminal microvilli quite sim-
ilar to that of eccrine glands. T he sccretory cells of apocrine glands 
did not show reactivity. 
In sebaceo us g lands, jmmunoelectron microscopy revealed reac-
tivity for CEA glycoproteins confined to dilferentiating sepocytes 
that contained lipid drople ts. Stain in g with th e polyclonal antihod)' 
was secn to be associated with small m embran e-bo und vesicles and 
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Figure 2. In human fetal skin CEA glycoproteins are expressed in 
the periderm and in glands. lmmunostaining using silver enhallccmcnt 
(a, b) and peroxidase staining (c,lf) . a) Stainjng of the peridermal cells 
(alTo"'heads) and labeling of the epithelia throughout the solid buds of the 
primordial sweat glands (al1'O"'s) with the polyc1onal antibody. Palms of 12 
gestational weeks . b) In tracytoplasmic vacuoles (a n'()lll" ead,,) in ductal epj-
thelia and subsequently fo rmed lum ina (arm",) of swea t glands are strongly 
reac tive fo r CEA. Palms of 21 gestational weeks. 26/3/13 antibody. c) 
Apical labeling of glandular epithelia (a m",''' eads) alld ducts (a l'm",s) fo r 
NCA-90 is strictl y correlated to differentiation. Palms of 21 gestational 
weeks. 9A6 antibody. tI) Undiffe rentia ted sebaceous glands (aim",) do not 
express BG P. Bulge (a n·""," ead). Follicular papiUa (1') . T runk of 12 gesta-
tional weeks. 4D '1 C2 antibody. 
along the in te rcellular m e mbranes (Fig 6a) . [n contrast, larger 
non-me mbrane bo und lipid va cuoles w ere not reactive. Diffuse 
cytoplasmic staining in te rminall y di ffere n tiated sebocytes paralleled 
the dissolution of cellular o rga nelles . Moreover , a lack of labeling 
was evid ent o n the ce Ll surface o f highly di ffe rentiated sebocytes 
undergoillg ho locrin e secretio n (Fig 6b) . 
DISC USSI O N 
T he incidence o f the various glycopro te ins o f the CEA gene family 
has been extensively studied both a t prote in and transcriptio nal 
level in the g ilstro intestinal tract and other organ s [1. ,2,32 ,33] , but 
no t in human skin . U sing a pane l of highly specific and w ell-
charac te rized antibodies, w e iden tifIed CEA, N CA- 90, and BGP in 
eccrine sw eat glands; CEA and N CA-90 in apocrine g lands ; and 
BGP in sebaceous g lands (Table II). T he overalJ distribution of 
CEA glycopro teins in cutaneous glands w as consistent w ith that in 
m ucosal and glandular tissues of o ther organs [3]. T he he tel'Oge-
neo us expression of CEA glycoproteins in vario us parts o f the skin 
glands m ay re Rect distinct differentia tio n o f the respective cells as 
well as diffe rent secretory m echanism s [3 4 - 36]. 
In addi tio n , the existence of CEA in the skin also w as confirmed 
in transgenic mice expressing human CEA in swea t ducts. Although 
mice lack an endogenous human CEA gene [4], they possess all the 
transcripti o n filcto rs necessal)' for the correct tissu e-specifi c synthe-
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Figure 3. Demonstration of human CEA in the footpad o f trans-
genic mice (a) as contpared to uoutransgenic siblings (b). Immuno-
pcroxidase staining, cT84.66 antibody. a) T he sweat ducts (m1'olvs) distinctly 
express human CEA. Secretory cells of the sweat glaJlds are not reactive (5). 
b) Sweat glands of nontransgenic siblings do not show labeling fo r human 
CEA. 
sis of CEA wi th a distribu tion pattern almost identical to th at 
o bserved in humans [2 0). T he lack of CEA in the secretory p arts of 
murine glands m ay be attributed to th e difFe rences in th e ana to my 
be tween hum an and I'Odent sweat glands [3 4] . 
In fe tal skin , labeling of the ecto derm al cells throughout the solid 
buds o f the primordial sw eat glands closely resembles the distribu-
tion o f CEA in the multilayered epitheli a of fe tal intes tine [1 0] . T he 
subsequent asso ciatio n of C EA glycoprote ins wi thlll sm all intracy-
toplasmic vacuoles in week 21 of gestation secm s to reRect a 
fun ctio n in ductal development. T he lumina of in traepidennal 
sweat ducts are fo rmed by coalescence of intracytoplasmic vacuo les 
fo rmed w ithin two adjacen t inner cells [37]. Likewise, neoplasm s 
th at show ductal differentiatio n (e.g., syringom a and pOl'Ocarci-
nom a) , also distinctly e),,-Pl'ess CEA along intracyto plasmic vacuoles 
m erging to lumina [38] . I Subsequent to developm en t of the d ermal 
swea t ducts , a preferential lumin al localization of CEA g lycop l'O-
teins is evident, resembllllg CEA distributio n in fetal in tes tine of 
late stage [1 0] . In contras t, the f.'l ilure o f staining in the secretory 
parts o f undifferentiated eccrine glands may correspond to th e 
no nsecretory state o f embryogeni c sweat glands [39] . 
In addition to the glandular distribut ion of CEA glycoproteins, 
staining of the periderm in the first trimester and nonreactivity of 
the diJI:el'en tiated epidermis confirm previous results [40] . Accord-
ingly, demonstra tion o f CEA glycopl'Oteins in psoriatic epidermis 
[41] , skin equivalent m o dels, wound healing, and in other hyper-
pro life rative condi tions [42] provides evidence for the capacity of 
undiffe ren tia ted keratinocytes to synth esize glycopro teins of the 
CEA gene r., mily. 
T he ul trastructural localiza tion of CEA glycopro teins was of 
considerabl e interest to substantia te th e immu.no histochemica l re-
sults. In the secretory parts of eccrine sweat glands, labeling of the 
ro ugh endo plasmic re ticulum and the Golgi appara tus not only 
con fi rms s)'11thesis, but stron gly sugges ts processing of these glyco-
proteins in secre tOl), e pithelia . Associatio n of CEA glycoproteins 
w ith sm all vesicles in th e apical parts of the cytoplasm indicates 
m embrane-bo und tran spo rt towards the cell surface consisten t w ith 
the role ofCEA and N CA in protein sorting and cellular polarity [3) . 
T he exclusive lumin al expressio n of CEA glycoprotein s along 
mi cro villi is consistent w ith the hypothesized role of CEA glyco-
pro te ins fo r pro per organiza ti on of these surface structures [1]. 
I Metze D . Bha.rdwaj R . Koldc G, Daniel S, Grunert F: Distribution and 
ultrastructural localiza tion of the CEA. fa mily in normal skin and cutaneous 
tumors. ) hIP/'sl Derlllalo/ 98:543. 1992 (abst. ) 
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Figure 4. Localization of CEA glycoproteins in the secretory epithelia of eccriile sweat glallds. IlTIl11unoelectron microscopy. postl!1t1bcddiug 
imll1unogold technique (a-d) . a) Rc~c tivity for CEA in the rough endoplasmic reticulum «(lITOI!'II ""rlS) of a mucous cell. 26/3/13 antibody. Scale bllr. 500 nn1. 
h} T he well-developed golgi apparatus ofa mucous cell is stained for CEA (IIJTIJ/"lteads). 26/3/13 antibody. Scale htlr, 500 nIl!. c) CEA glycoproteins as shown 
in the smooth endoplasmic reticulum (E) . in small ves icles (IIJH)JIIS). and along thl! in terce Uul ~ r membranes (arrowheads) o( serous ce ll s. Pol yclotlal :lIItibo~)' : 
Scale bar. 500 JlI11. d) CEA glycoproteins are distributed along the micro villi (lIJl'ows) outlining the glandular lumina (L). T he cell surface witbout l11icroV1lil 
lacks reactivity (S). Pinched off lumina l m:l(erial is stlollgly reactive (IIJTo lJl},,·ad) . Nuclells of a scrolls cell (N). Polyclonal antibody. Sca le bar. 500 nn1. 
Fur the rmo re, in the intestine, vesicles released fj'om mic ro villi 
re present a rap id m ech anism to remove and discharge m e mbrane 
bo und CEA into the feces [43] . A ccmdingly, the strong CEA 
reactivity of th e amorphous m a terial in thc lumina of the sweat 
duc ts most probabl y is derived fr0111 blebbing and subseq uent 
pinc hing off of microvilli. T he hig h concentr~tiol1 of CEA in the 
sweat fluid as m easured b y e nzym e-linked iJ11munosorbcnt assay 
[1 8] thus may be duc to microapocrine sccrction, an important 
secretory mcchanism of ecaille sweat g lands [34]. 
It is tempting to assume a fu nction of CEA g lycoproteins in 
hum an sweat fluid. Only rccently , CEA and N CA have been shown 
to bind specifica lly to bac teria [1 2-14] and thus may preven t 
adhesion of path ogenic bacteria or evcn of virus to mu cosal surfaces 
Figure 5. Localization of CEA. glycoptoteil1s ill the epithdia of 
dermal (a) and il1traepidermal (/J) sweat ducts. Immunoelectron 
microscopy, postembedding il11nlllnogold technique . n) Strong reactivity for 
CEA glycoproteins within pcriphera l vesicles (nrrollls) and along the blunt 
mkrovi\1i (al'l'<1 11'II Cod5) of the ductal epithelia . Amorphous material in the 
IUl1lcn (L) also shows labeling. Polyclonal antibody. Scale bar, 500 nm. /1) 
The l11ultivesicular bodies (arrollls) in the epitheli a lining the intraepidennal 
portion of the sweat ducts contain CEA glycoproteins. Reactive microvilli 
on the Illminal surface (orrolllhcacis). Ker"tohyaline granu le (K). (,olydona! 
antibody. Srn le IJnl', 50U nl11. 
by rapid sh edding [44]. Furthcr studi es are n eccssa ry to elucidate a 
ro le of CEA glycoprote ins in humo ra l defe nse mec hani sm s pro-
vide d by sweat fluid compare d with the proposcd fun ction of 
sccre tory IgA on the skin sur f.1ce [45-48]. 
T he signjficance ofBGP as expressed in differe n tia ti ng sebocytC 
of sebaceo us g lands remains unc lear . BGP was d e tectcd in vesicles 
closely re lated to the Go lg i zone that contribu te to the production 
of lipids [3 5,36] . T he diffuse distributi o n o fB G P within te rmin all y 
diffe re ntiate d sebocytes m ost likely can be attribute d to the cellular 
disinteg ration duxing ho locrin e secre tion . Moreover, B G P share 
many prope rties with thc cadhe tin fam ily of adhes io n m o lecules 
in volved in rigid inte rcellular assoc iation s [6] . In this respect, it is of 
paIti cular intercst that BGP was fou nd alo ng the cell surface of 
Figure 6. Localization of DGP ill sebaceous glands (a,b). 1111111\1-
l1 od ectrol1 tI1icroscopy, postel11bedding il11lllunogold technique. a) Diller-
cntiated sebocytes show Inbeling of snwll vesicles (a rm",.,) and of intercel-
lular memhranes (amJl/lhcII/Is). Dl!sl11osome (d). Polyclona! antibody. Stnlc 
I/(Jr. 500 lllJl. 1» In terl1linn!ly differentiated sebocytcs a di/l'usc ill tra-
cytoplasmic immU110rc;lctivity for BGP can be found concomitant. with disin-
tegration of the cell content. T he cell Stu'nlce (all'",,,heacis) fai ls to show sta ining. 
La rge lipid drop!er (L) . Desmosome (d) . Polyd onal nn tibody. Srale /)ar. 500 JU II. 
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intact sebocytes, but not on sebocytes that segregate and are 
discharged. 
The demonstration of members of th e CEA gene fam il y in 
human skin g lands may imply crucial fun ctions for these adhesion 
mol ecu les in embryo genesis, archi tectual integrity, and secretor y 
mechanisms consistent with the ir ro le in mu cosal epith elia. 
Th e excellellllechll;cn i ass ;slnllcc of U. K eller, C. Fockc, nIId A . IV issei is gl'flllji tll )' 
acklloll'ledged. 
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